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Recent  years  have  seen  a huge  increase  in  the  digital  data  generated  by companies,  projects  and  indi-
viduals.  This  has led  to  signiﬁcant  challenges  in  visualizing  and using  large,  diverse  collections  of  digital
information.  Indeed  the  speed  and  accuracy  with which  these  large  datasets  can  be effectively  mined
for  information  that  is  relevant  and  valuable  can  have a signiﬁcant  effect  on  company  performance.  This
research  investigates  the  feasibility  of  using  visual  representations  for the  searching  and  browsing  of
large, complex,  multimedia  data  sets.  This paper  introduces  the  SIZL  (Searching  for Information  in a  Zoom
Landscape)  system,  which  was  developed  to  enable  the  authors  to effectively  test  whether  a 2.5D graphi-oomable cal  representation  of a multimedia  data  landscape  produces  quantiﬁable  improvements  in  a user’s  ability
to assess  its contents.  The  usability  of  this visualization  system  was analyzed  using experiments  and  a
combination  of quantitative  and  qualitative  data  collection  methods.  The  paper  presents  these  results
and  discusses  potential  industrial  applications  as  well  as  future  work  that  will  improve  the  SIZL data
visualization  method.
©  2015  The  Authors.  Published  by Elsevier  Ltd. This  is an open  access  article  under  the  CC BY  license. Introduction
The quantity of data generated and stored globally is increas-
ng at a phenomenal rate. In 2013 it was said that 90% of the
orld’s data were generated in the past two years (Dragland, 2013).
he digitization of business, global industry partnerships and the
ncreasing presence of the Internet in our lives have all contributed
o datasets so large that they have become highly challenging to
anage effectively. Companies that operate from a digital plat-
orm, for example internet retailers and social networks, face great
hallenges in capturing, storing, analyzing and protecting the huge
olumes of data their businesses generate. Even ‘traditional’ indus-
ries such as engineering and construction are facing challenges.
arge, global, collaborative projects also generate huge volumes of
ata, from design documentation to supply chain management to
ommunication records. The speed and accuracy at which these
arge datasets can be effectively mined for information that is
elevant and valuable can have a signiﬁcant effect on company per-
ormance (Keim et al., 2008). Therefore there is a need for systems
hich enable the effective management of this ‘big data’.
∗ Corresponding author. Tel.: +44 0141 548 5939.
E-mail address: h.j.grierson@strath.ac.uk (H.J. Grierson).
ttp://dx.doi.org/10.1016/j.ijinfomgt.2014.12.003
268-4012/© 2015 The Authors. Published by Elsevier Ltd. This is an open access article u(http://creativecommons.org/licenses/by/4.0/).
This paper presents the preliminary ﬁndings from an eval-
uation of a data visualization system designed to enable faster
and more accurate searching and understanding of large datasets.
The ﬁrst section introduces the concept of data visualization sys-
tems and presents the aim and hypothesis of the study. The
second introduces the SIZL visualization system and deﬁnes the
research methodology used to evaluate its effectiveness. The third
section presents the ﬁndings from the quantitative and quali-
tative data gathered during evaluation, and the fourth section
discusses the signiﬁcance of these results as well as the limi-
tations of the research at this stage. The paper concludes with
details of further work required to reﬁne the research and pro-
vide further insights into the beneﬁts of the data visualization
system.
1.1. Data visualization
The rate at which data can be collected and stored is out-
growing the rate at which it can be analyzed (Keim, Mansmann,
Schneidewind, & Ziegler, 2006). As the size of datasets grows expo-
nentially, there is increasing risk that much of the valuable and
relevant information stored is being lost due to ineffective systems
for data exploration and visualization (Keim, 2001).
Traditional, 2-dimensional methods of data visualization
include charts, graphs and plots. These visual ways of displaying
nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ata have been designed to communicate information in a way
hat humans can more easily understand and analyze. Chen and
u (2000) conducted a meta-analysis of information visualization
esearch focused on users, tasks and tools. The research revealed
hat given a consistent level of cognitive abilities, individuals
howed a preference for simple visual–spatial interfaces. In
ther words, processing visual information is more intuitive to
umans than processing other types of information such as text
r numbers. Over the years, methods of data visualization and
nteractive graphics have become increasingly sophisticated. This
rogress has also resulted in an increase in the use of 3D visual
isplays to present greater complexity in datasets and enable
 more interactive, intuitive data searching experience. Some
ell-known examples of data visualization include Google Earth,
oogle Images and ChronoZoom (Alvarez & Saekow, 2014; Google,
014a, 2014b), which allow users to search for information in a
isual, interactive and multi-dimensional environment.
.2. State of the art
There has been much debate in the literature over the mer-
ts of 3D visualization systems—do they genuinely improve the
ffectiveness of information retrieval and analysis? Earlier stud-
es in particular promoted 3D visualization as more intuitive (Ark,
ryer, Selker, & Zhai, 1998; Robertson et al., 1998). However, later
tudies have questioned this assertion. Cockburn (2004) evaluated
ata storage and retrieval tasks in 2D and 3D visualizations. The
tudy concluded that whilst 3D systems emulate a more ‘natu-
al’ environment, their beneﬁts are task-speciﬁc. Kosara, Hauser,
nd Gresh (2003) also state that 3D visualizations can have detri-
ental effects on users such as increased workload, occlusion and
isorientation. Schneiderman (2003) highlights that 3D visualiza-
ions can simplify tasks and improve interactions only if properly
mplemented. Clearly 3D is not without merits, but its application
ust be carefully considered to ensure it is truly providing beneﬁts
o the desired task(s).
Users can process visualizations faster than text, and inexpe-
ienced users can navigate 3D interfaces more intuitively than
D interfaces. However, several issues affect 3D visualization,
uch as context, interpretation, cognitive and dimensional over-
oad (Pﬁtzner, Hobbs, & Powers, 2003). The ﬁne balance between
eneﬁcial and gratuitous use of 3D in data visualization has led
everal researchers to recommend the use of hybrid or 2.5D inter-
aces (Baumgartner, Ebert, Deller, & Agne, 2007; Wiza, Walczak,
 Cellery, 2004). Such environments can provide users with the
ognitive/spatial advantages of 3D whilst retaining the reﬁned
nteractions of 2D (Baumgartner et al., 2007), therefore reducing
he chance of users becoming ‘lost’ in the system.
Other studies have explored in more detail the preferred
unctionalities for effective data visualization systems. Bergman,
eyth-Marom, Nachmias, Gradovitch, and Whittaker (2008) found
hat users show a preference for navigation over searching when
ocating ﬁles that have a set structure, for example folders
r e-mails, and argue that navigation reduces cognitive work-
oad, because individuals are psychologically programmed from
hildhood to store and retrieve objects from locations. Whereas
earching relies on an individual’s ability to associate attributes to
n object, for example the ﬁle name of a document. Exploring navi-
ation further, Hornbæk, Bederson and Plaisant (2001) studied the
se of overviews in user interfaces. Participants showed a prefer-
nce for a navigation overview which allowed them to keep track
f their actions, however the researchers found that this overview
lowed down performance, possibly due to increased workload.
hey propose the implementation of a ‘zoomable’ interface to over-
ome these issues.mation Management 35 (2015) 244–252 245
1.3. Research aims
Over the years there have been continuing advances in low
cost, high performance 2D and 3D display and manipulation
technologies, as well as ever-increasing computation power. At
the same time, the huge increase in data generated by compa-
nies, projects and even individuals has led to great challenges in
visualizing and searching for information. This project emerged
from the idea that exploiting the human “cog” within these sys-
tems provides an opportunity to redress the balance between high
volume information/data storage and effective navigation. Thus
ﬁnding information more easily.
Therefore, the overall aim of this research was to investigate
the feasibility of using visual representations for the searching and
browsing of large, complex, multimedia data sets. Drawing upon
prior research in this ﬁeld, the following hypothesis was tested:
Human beings ﬁnd the recall and recognition of 2D and 3D shapes
and environments so intuitive and effortless that any system for
the effective management and use of data should make use of this
fact.
In addition to this hypothesis, a number of more speciﬁc ques-
tions were raised during the early stages of the research, including:
• Can a new system allow an “at a glance” pictorial summary of its
content?
• Can the information interface allow users to spot relationships
in data more easily by “illustrating” the contents of ﬁles through
icon representations that reﬂect the context of information?
• Can an advanced visual interface (a ‘zooming timeline’) impact
on a user’s ability to quickly and accurately ﬁnd individual items
and identify relationships within subsets of the data?
A system was  developed that would enable the researchers to
answer these questions and effectively test whether 2.5D environ-
ments can beneﬁt effective data management.
2. System overview and research methodology
2.1. Introduction to SIZL
The SIZL (Searching for Information in a Zoom Landscape)  sys-
tem was created to evaluate user interaction and experience with
data in 2.5D environments, and enable the researchers to evaluate
the effectiveness of this method. This software prototype combines
a zooming user interface (ZUI) and a timeline—a zooming inter-
face to a visual information landscape—and was  designed with the
capability to extract data from numerous document types such as
word documents, spreadsheets, PDFs and image ﬁles. The software
has a multi-search functionality, allowing users to search within
the dataset for multiple keywords or phrases that are highlighted
simultaneously using different colours. Captured data can then
be moved to the ‘lightbox’ area to be compared and contrasted,
enabling the user to identify document relationships. The SIZL sys-
tem process is summarized in Fig. 1. The system is database-driven
and facilitates the creation of dynamic user interfaces in response to
user inputs. It was  developed in the Net environment using C#, con-
necting to a MySQL database, using Sphinx searching technology to
index and search the system content.
Based upon ﬁndings from the literature regarding the advan-
tages and disadvantages of both 2D and 3D visualizations, SIZL was
designed as a 2.5D (or hybrid) environment. The user can interact
with the system through direct searching, for example key words
or document browsing (i.e. the multi-search functionality). Rele-
vant documents are extracted by the system and used to generate
246 H.J. Grierson et al. / International Journal of Information Management 35 (2015) 244–252
Fig. 1. SIZL system process with human interactions and ‘human cog’ inputs.
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oig. 2. Entering search terms into SIZL highlights relevant documents along the
ooming timeline.
bjects which are then presented to the user in the ‘timeline’ sec-
ion of the Zooming User Interface (ZUI)—see Fig. 2. Objects are
resented as 3D blocks with differing depths, providing the user
ith an ‘at a glance’ pictorial summary of the content of the doc-
ment each model represents (see Fig. 3). The user can focus in
etail on the objects they deem relevant by dropping them into the
lightbox’ section of the ZUI (see Fig. 4). The user will remove inter-
ace options that are not considered to be relevant and replace them
ith objects that relate to the direction the user is taking within the
pplication, allowing them to focus on a limited number of chosen
ocuments. The system’s functionality is summarized in a You-tube
ideo (http://www.youtube.com/watch?v=PeEbfwKQu30)/ Video
 which accompanies this paper. .
The SIZL system was designed to evaluate four key elements:
Timeline: provides instinctive chronological ﬂexibility.
Time is a form of metadata applicable to almost all information.
he timeline class consists of multiple arrays of time-scales—days,
ours and minutes. The user has the ability to set the upper and
ower limits of the timeline which will in turn limit the availability
f the documents to those that fall within the set limits. The user canFig. 3. The SIZL interface provides a visual summary of each document in the dataset.
also expand or contract the timeline allowing them to manipulate
the volume of displayed documents.
Zoom: emulates time, facilitates user controlled data convergence.
Zooming provides an inﬁnite landscape. The zooming function-
ality has been created by ﬁxing a camera to the 2D x-plane in the
3D environment. This allows users to zoom in and out of the Z-axis
which changes the distance of the camera plane in relation to the
displayed objects. This allows the user to control (in conjunction
with the timeline) the amount of documents currently on display
by the system. Furthermore, it allows the user to focus on clusters
of documents that may  be of particular interest.
Visualizations: inter-document relationships.
Human search is powerful because we  notice patterns, odd-
ities and depth/distance. The database contains a vast range of
data which, with the multi-search functionality, is used by the sys-
tem to create arrays of objects which have underlying connections.
These relationships are used to generate the default ZUI. The goal
of exploiting the underlying relationships is to allow the user to
quickly retrieve information based on whatever knowledge they
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ave relating to the search. For example, knowing the name of a
erson or place but not knowing the title of a document.
Interaction: concepts to match input/output devices.
The ZUI is based around an interactive timeline which can be
ustomized by the user. The ZUI allows the user to zoom in and out
f documents; manipulate document positions and scales; retrieve
ey information relating to a document; and, open original docu-
ents.
Section 2.3 discusses how the SIZL system was  used to test the
esearch hypothesis. It should be noted that the SIZL system is a
rototype under development. It was designed to support the study
f how advanced visual interfaces impact upon a user’s ability to
nd individual items and identify patterns within subsets of data,
nd therefore it is the interactions enabled by SIZL that were being
valuated, not the usability of the software itself.
.2. Methodology
An experimental methodology was adopted so that the SIZL
ystem could be used to evaluate the use of human cognition in
ffective data management. The methodology progressed in four
hases:
Requirements
Design
Experiments (the evaluation process is discussed further in Sec-
tion 2.3)
Documentation, demonstration and dissemination
Very few previous studies of visualization methods have
ncluded adequate user evaluation (Ellis & Dix, 2006), meaning it
s difﬁcult to make conclusions regarding their effectiveness and
pplicability. The use of an experimental methodology to conduct
ser evaluation is a signiﬁcant contribution of this research.Perhaps one of the reasons behind this lack of user evaluation
s the considerable number of challenges the task poses, some of
hich are discussed in the literature. One of the main complica-
ions in this kind of study is the use of custom developed software.mation Management 35 (2015) 244–252 247
The software itself is not tested as part of the research, however,
inevitably bugs and unfamiliarity with the system can have an
impact upon participant performance and experience (Andrews,
2006). Similarly, the unfamiliarity of a new system can create a
bias for any existing systems that are included in the experiment
(Andrews, 2006). These issues were observed in the SIZL evalua-
tion, however their effects were alleviated through the use of two
pilot experiments and the presence of the SIZL software developer
to assist participants with any software-related problems during
the tasks.
Another criticism of visualization evaluations is the use of stu-
dents (Andrews, 2006; Ellis & Dix, 2006), as they will not have
the necessary experience and expertise to carry out the evaluation
tasks asked of them, thus affecting their performance and qual-
ity of feedback. Eighteen design engineering students were used
in this study (2 for the pilot and 16 for the experiments). How-
ever, rather than tackle unfamiliar tasks, the students in this study
were asked to use SIZL to answer questions about a Hollywood
spy movie. The decision to use a popular culture reference meant
that students were more engaged with the task and able to digest
instructions more easily, regardless of whether they had seen the
movie or not. Furthermore, there were advantages to using a stu-
dent demographic: this age group is typically very familiar with
visualization systems, in particular games technology, and as such
they could use and learn the new software relatively quickly.
According to the literature (Andrews, 2006; Ellis & Dix, 2006;
Sebrechts, Cugini, Laskowski, Vasilakis, & Miller, 1999), a good eval-
uation of a visualization system will provide training in the new
system, use appropriate tasks for testing that provide meaningful
results for the kind of tasks the new system is designed for, and use
appropriate measurements. Section 2.3 will discuss the evaluation
process that was  carried out for this research.
2.3. Evaluation process
In order to evaluate the effectiveness of exploiting the human
cog in the system for effective data management, experiments
were conducted with the SIZL system. Microsoft’s ‘File Manager’
system—the predominant data management system used in indus-
try today—was used so a comparison could be made between the
speed and accuracy of human interaction against a baseline. The ﬁc-
tional story from the 2007 movie ‘The Bourne Ultimatum’ was  used
as a case study for the evaluation.
Firstly, SIZL and File Manager were populated with identical
sets of documents (104 documents in total) relating to The Bourne
Ultimatum story, including newspaper articles, receipts and air-
line passenger manifests. Six questions were set relating to the
movie—two ‘easy’, two  ‘medium’ and two  ‘difﬁcult’. Participants
were asked three questions for SIZL and three questions for File
Manager. Which question was  asked of which system was alter-
nated between tests. The difﬁcult tasks (questions 3 and 6) were
speciﬁcally designed to test user’s ability to retrieve ﬁle relation-
ships. Questions included:
• Easy: e.g. What weapon is used by the assassin who was not
working for the CIA?
• Medium: e.g. Which of his aliases did Bourne use to travel from
Moscow to Paris?
• Difﬁcult: e.g. Who  gave the order to assassinate Simon Ross?—Give
your evidence.
Following two  pilot tests, 16 participants were invited to take
part in the study. Participants were university students, some of
whom had seen the movie and some who had not. In a short survey
conducted before the test, all participants stated that they were
conﬁdent with their IT skills. All spent at least an hour a day on a
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ig. 5. Participants’ time and accuracy when tested on both File Manager and SIZL.
omputer or online, with 7 participants stating that they spent over
even hours a day. This survey indicated that the participants were
n general highly familiar with visualization systems.
Firstly, participants were given a basic File Manager tutorial
nd a SIZL tutorial to familiarize themselves with the software.
ext, participants each spent 20 min  answering three questions on
ile Manager (acting as an unorganized ﬁling system) and 20 min
nswering three questions on SIZL. They answered an easy, medium
nd difﬁcult question for each system. The number of correct
ocuments found (accuracy) and the time it took them to answer
uestions was recorded (summative testing). Participants were
lso encouraged to ‘think aloud’ and their thoughts were recorded
hroughout (formative testing). A facilitator was always available
o assist with use of the software.
Participants were then asked for immediate feedback through a
emi-structured questionnaire. They were asked about the ease of
nding information and determining relationships between docu-
ents. Some were later invited back for a focus group where they
ere presented with the overall results. They were then asked to
eﬂect on these results, and discuss their views the beneﬁts and
rawbacks of both File Manager and SIZL.
.4. Analysis
For each experiment conducted, both quantitative and qualita-
ive data were gathered: the measurement of task accuracy and
ime; the collection of user experiences from facilitator obser-
ations and the ‘think aloud’ exercise; and the results of the
uestionnaire participants were asked to complete at the end of
heir test. This allowed the research to explore both the effec-
iveness of the visualization methods utilized in SIZL and users’
references for the system.
. Results
This section presents the ﬁndings from the 16 experiments, and
he focus group that was conducted at a later date. Recordings of
he time and accuracy to complete a set of tasks (answer three
uestions using SIZL and three questions using File Manager); the
ualitative data from observations and the participant survey were
nalyzed to identify key ﬁndings. The focus group was  used to vali-
ate these ﬁndings.
.1. Quantitative ﬁndings
During testing, facilitators recorded both the times in which
articipants answered the three questions for SIZL and the three
uestions for File Manager, and the accuracy of their answers (i.e.
he number of relevant documents the participant retrieved). The
esults are displayed in Fig. 5.By plotting time and accuracy together (Fig. 6), it can be seen
hat many participants were able to achieve the same accuracy in
IZL as File Manager, in signiﬁcantly less time. This relationship
as particularly clear for the difﬁcult questions (3 and 6), whichFig. 6. Some participants were able to achieve high accuracy in less time using SIZL
(highlighted).
were speciﬁcally developed to evaluate participants’ ability to iden-
tify relationships between documents. No correlation was  found
between participants’ performance in File Manager and SIZL.
3.2. Observation ﬁndings
During testing, facilitators recorded both their observations of
participant behaviour, and any comments made by participants
during each session (using the ‘think aloud’ method). These notes
were then analyzed using NVivo software to identify the most ben-
eﬁcial and popular features of the SIZL system, as well as the most
common issues and criticisms. Notes were coded when a particular
feature of the SIZL system was recorded as being used to identify
the correct answer to a question, or was commented upon posi-
tively by a participant. Notes were also coded when participants
expressed difﬁculty or dislike for a particular aspect of the system.
Firstly, considering the most useful features of the SIZL sys-
tem, by far the most commonly used feature was  the multi-search
functionality. Participants normally began their search for data by
entering a number of search terms into the system, and would
often use trial and error to retrieve the correct documents. The
second feature most commonly referred to in the notes was the
‘lightbox’, which participants used to examine promising docu-
ments in greater detail. Based on the testing notes, it would appear
that the zoom and timeline functions were used less frequently in
determining the correct answers to the questions.
Focusing on participant comments, again the multi-search func-
tionality received much praise. For example:
‘The multi search was great, it was very useful for seeing docu-
ments.’
The overall visualization method of the SIZL system also scored
highly, with participants expressing a preference for the visual
overview of the dataset that SIZL provides, and commenting on
how much easier it was to visualize relationships between docu-
ments. The zoom and timeline features also received some positive
commentary.‘SIZL provided a good way  to visualize the overall dataset.’
‘I found SIZL very effective in highlighting relationships - in File
Manager I felt I had to hold a lot of info on relationships between
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documents in my  head, and then forget. Visually seeing the rela-
tionships made it much easier to narrow down the docs to ﬁnd what
I was looking for.’
Overall, comments on the SIZL system were highly positive.
s predicted, the vast majority of negative comments concerned
he SIZL software design and on-screen layout of informa-
ion; aspects not being tested in this study. In particular, some
articipants expressed difﬁculty in identifying highlighted docu-
ents and difﬁculty moving documents around the screen with
he keyboard. These problems could be alleviated with improve-
ents to the software prototype, and are not directly linked to the
eveloped visualization system. Although the design of the SIZL
oftware was not being tested in this study, it inevitably had an
mpact upon participants’ experiences and ability to retrieve the
orrect answers to the questions. The second most common nega-
ive comment relating to SIZL was unfamiliarity with the system.
his is a common problem with the testing of any new visualization
ystem, and was in part alleviated by providing each participant
ith a SIZL (and File Manager) tutorial prior to testing; and access
o the systems developer during experiments. Another problem sit-
ation that occurred on several occasions was participants getting
lost’ in the system—going on tangents and struggling to get back
n the right track.
As well as providing an insight into the most beneﬁcial aspects
f the SIZL system, the observation data also demonstrated the
human cog’ at work when participants were using SIZL. The facili-
ators regularly recorded use of reasoning and ‘real world thinking’
hen participants were navigating the system for answers, and
articipants were often observed taking notes while problem-
olving. One participant was also observed searching for words that
ere not included in the question, illustrating how the human mind
lays a signiﬁcant role in the search for relevant information when
sing the SIZL system.
In summary, the key ﬁndings from participant observation
ere:
The multi-search function was the most useful and most popular
feature of the SIZL system.
Participants responded positively to the visualization provided
by SIZL.
The SIZL system utilizes the ‘human cog’ in the system: partic-
ipants used the system to navigate their own  problem-solving
processes.
.3. Survey ﬁndings
Participants were also asked to complete a survey at the end
f the test. This Likert scale survey asked participants about their
xperience of using SIZL and their views on its effectiveness as a
isualization system. Survey results are presented, in descending
rder of positive response, in Fig. 7. Corresponding to the ﬁnd-
ngs from participant observation, the question relating to the SIZL
ystem’s multi-search functionality (Q6) received the most posi-
ive response. Participants also largely responded positively to the
sability of the SIZL functions (timeline, zoom, lightbox, etc.) and
isual layout of the system. Although unfamiliarity was  a common
omplaint during participant testing, the survey results show that
he majority of participants felt that the SIZL system was  easy to
earn, suggesting this problem would quickly dissipate with expe-
ience.
Most of the ‘negative’ responses to the survey were in response
o negatively keyed questions. However, a signiﬁcant number of
articipants responded negatively to the statement ‘I found I could
uickly recover when errors occur in this system’ (Q4). This could be
inked to problems with the software design, as discussed in Sectionmation Management 35 (2015) 244–252 249
3.2, but could also be linked to the issue of several participants
getting ‘lost’ in their search for relevant documents.
In summary, the key ﬁndings from the participant survey were:
• Participants responded highly positively to the multi-search
function in particular.
• The majority of participants expressed a preference for the visual
layout of the SIZL system.
• Some participants struggled to recover when errors occurred in
the system.
3.4. Focus group ﬁndings
Once all data had been gathered and analyzed, participants were
invited to attend a focus group to discuss the results and reﬂect
on their experience of the SIZL system. During the focus group,
the participants were presented with the key ﬁndings from the
research and asked to discuss a variety of questions and topics,
including:
• Did you have a preference for either system?
• For each system give the beneﬁts and drawbacks.
• In terms of looking for information in large datasets, please com-
ment on SIZL’s multi-search/timeline/zoom features.
• Please comment on SIZL’s ability to support the visualization of
inter-document relationships.
This process contributed to the validation of the research results,
by reafﬁrming the key ﬁndings from research and providing further
insight into the reasons behind these results. The key outcomes
from the focus group were:
• In correlation with the qualitative data ﬁndings, the multi-
search function was  the most popular feature of the SIZL system.
The timeline and zoom features, on the other hand, were
not used as readily with some participants unaware of these
features.
• Also mirroring the key ﬁndings from the tests, errors in the SIZL
software were highlighted as a key issue. Although the usability
of the software design was  not tested as part of the research,
it inevitably had an impact upon the results. For example, it is
possible that the lack of interest in the timeline and zoom features
could be attributed to the design of the SIZL software.
4. Discussion
4.1. Signiﬁcance of research ﬁndings
This study set out to test the hypothesis that human beings ﬁnd
the recall and recognition of 2D and 3D shapes and environments
so intuitive and effortless that any system for the effective man-
agement and use of data should make use of this fact. This was
done through the evaluation of a visualization system, SIZL, which
enables users to discover relationships and patterns within large
datasets.
A small, preliminary evaluation was conducted, and ﬁndings
suggest that the SIZL system, using a zooming timeline and
multi-search visualization methods, does indeed enable users
to achieve similar accuracy in less time when compared to
traditional text-based searching. Also, participants expressed a
preference for SIZL when asked to identify relationships between
documents. These ﬁndings would suggest that people do ﬁnd
certain data mining tasks more intuitive when searching within a
2.5D environment. The ﬁndings from the qualitative data suggest
that the multi-search feature in particular has high potential
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o improve users’ data mining experience. The ﬁndings also
ighlighted some key areas for improvement—better usability of
he zooming timeline functionality and an improved navigation
xperience for users who make wrong decisions and get ‘lost’ in
he system. Improvements to the usability of the SIZL software
ould also enable more accurate testing of the visualization
ethod.
One of the key contributions of this study was the
ethodology—the use of user evaluation experiments to explore
he effectiveness of a new data visualization system. It has been
stablished that there is a lack of evidence of user evaluation in the
isualization literature, so it is anticipated that this method may
e reﬁned and replicated to build upon the preliminary ﬁndings of
his study, and may  also act as a case study for future evaluations
f visualization systems.
.2. Research limitations
This paper has presented the results from the preliminary eval-
ation of a new data visualization system. During this phase the
esting process was improved through the use of two  pilot tests,
owever there were still a number of limitations to the research.
ome can be attributed to the early stage of development of this
ystem, others are common challenges faced when attempting to
valuate any visualization system.urvey results.
4.2.1. Number of participants
Early evaluation of the system involved only 16 participants.
Whilst this is considered an acceptable number for the qual-
itative elements of the methodology (observations and focus
group), a sample size of 50–100 participants is more appro-
priate for identifying statistically signiﬁcant ﬁndings (Andrews,
2006). Therefore, although the statistical analysis of the 16
experiments provided interesting and signiﬁcant insights into
the merits of the SIZL system, further evaluation with a larger
number of participants is required to provide more conclusive
results.
4.2.2. SIZL software design
Within the constraints of the project, the SIZL software was
designed to be easy to use and accessible, with a view to ensuring
the SIZL interface had as little negative impact upon participants’
experience as possible. This is because it was the visualization
method that was  being evaluated, not the system’s interface.
However, it was  very difﬁcult to completely remove the inﬂuence
of software design from the evaluation. Qualitative data collected
suggested that unfamiliarity with the SIZL software had an impact
on participants’ ability to complete tasks and fully experience the
visualization system—for example, some participants reported not
noticing the timeline functionality, or ﬁnding the zoom function
difﬁcult to use, even having reacted positively to the concept. Such
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eedback will enable the SIZL software to be improved for future
valuation.
.3. Implications for industry
As global partnerships and collaborative workspaces, not to
ention the ‘big data’ phenomenon of increasingly digitized busi-
esses, lead to increasingly large and complex datasets, traditional
ext-based search systems are inadequate for effective information
anagement. The functionality provided by the SIZL system has the
otential to improve the data mining experience in a wide range
f industries with a need to manage large numbers of documents,
nderstand the timing of these documents and the relationships
etween them.
There are a great variety of industry sectors that could bene-
t from an improved method of mining relevant data. Three key
ectors identiﬁed for this research were Defence, IT and Manu-
acturing. The UK’s defence export market exceeded £7bn for the
rst time in 2009 and today accounts for nearly 20% of the global
arket. Similarly manufacturing is an important part of the UK
conomy. It accounts for 12.8% of UK gross domestic product (GDP)
nd 55% of total exports. The software industry although smaller
y comparison is pivotal to the products of many other enter-
rises. The proposed SIZL system could support business needs of
ll three sectors. This is particularly relevant in the defence indus-
ries where security is paramount, and information has to be stored
nd retrieved—in near real time—safely from increasingly diverse
nd distributed sources.
One of the key barriers to implementing a new system in any
orkplace is ‘familiarity bias’: even if the new system eventually
rovides an improved experience, the effort and time required to
ecome familiarized with the new system means that people tend
o express a preference for the old, familiar system (Andrews, 2006).
his was also an issue during the evaluation of SIZL, and, although
he software design was not being tested as part of the study, it
nevitably had an effect upon participants’ experience. The problem
f familiarity bias could be alleviated by combining the implemen-
ation of the new visualization with a high standard of user-friendly
nterface design.
. Conclusions
This paper has presented the ﬁndings from the early phase of a
tudy of exploiting the human ‘cog’ within a data visualization sys-
em; testing the hypothesis that human beings ﬁnd the recall and
ecognition of 2D and 3D shapes and environments so intuitive and
ffortless that any system for the effective management and use of
ata should make use of this fact. The paper also presented the
xperimental methodology that was used to evaluate the function-
lities of the SIZL system: data visualization and searching software
hat was developed speciﬁcally for this study. Although further
valuation is required to provide conclusive results, this ﬁrst phase
as indicated that the SIZL system does help users search for and
dentify relationships between documents in large datasets, when
ompared to a traditional text-based system. The key ﬁndings from
his preliminary study can be summarized as follows:
Participants were able to achieve the same accuracy using SIZL,
in less time, when compared to results for File Manager.
The multi-search functionality was the most commonly used and
most popular feature of the SIZL system during testing.
Participants stated a preference for the overall visualization of
the SIZL system.
The zoom and timeline functionalities were not used as often as
expected.mation Management 35 (2015) 244–252 251
• Some participants experienced problems of getting ‘lost’ in the
SIZL system.
The next stage in this research is a reﬁnement of the evalu-
ation process and further testing with improved software and a
larger pool of participants to provide in-depth and reliable insight
into the beneﬁts of using a data visualization system based on the
SIZL model, as well as a greater understanding of the potential
applications for a system that utilizes the human mind to provide
a richer user experience.
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